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(54) SOURCE DRIVING AMPLIFIER FOR LIQUID CRYSTAL DISPLAY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a source 
driving amplifier for liquid crystal display. 
SOLUTION: This amplifier is provided with a first input 
circuit which is changed over to an nMOS(metal oxide 
semiconductor) differential amplifier circuit or a bias 
circuit by a polarity changeover signal and a second 
input circuit which is changed over to a bias circuit or a 
pMOS differential amplifier circuit by the polarity 
changeover signal and, in them, the output of the first 
output circuit which is changed over to the nMOS 
differential amplifier circuit drives pMOS transistors 
being the pair of output transistors and makes the output 
of the transistors to be the amplified output level of a 
source and makes a current which is provided by the 
nMOS differential amplifier circuit being the pair of 
output transistors to be a bias voltage and the output of 
the second output circuit being the pMOS differential 
amplifier circuit drives the nMOS transistors being the 
pair of output transistors and makes the output of the 

transistors to be the amplified output level of a drain and makes a current which is provided by 
the pMOS differential amplifier circuit being the pair of output transistors to be a bias voltage. 
As a result, this amplifier is made to be an amplifier in which a DC offset problem is resolved 
effectively and also which is usable in a system of a point inversion and a line inversion and a 
potential reset is not necessary. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l]The 1st input circuit that is switched by a polar switching signal and made into a nMOS 
differential amplifying circuit or a bias circuit, It is considered as the 2nd input circuit, it is 
switched by this polar switching signal, and is considered as a bias circuit or a pMOS differential 
amplifying circuit, When a polar switching signal is in the 1st state, this 1st input circuit and the 
2nd input circuit are switched, respectively, and are made into a nMOS differential amplifying 
circuit and a bias circuit, The 2nd input circuit of the above that this 1st input circuit and the 2nd 
input circuit are switched, respectively, and is made into a bias circuit and a pMOS differential 
amplifying circuit when this polar switching signal is in the 2nd state, It is considered as an 
output transistor pair and has a nMOS transistor and a pMOS transistor, An output of the 1st 
output circuit which was switched and was made into a nMOS differential amplifying circuit 
drives a pMOS transistor of this output transistor pair, It is considered as bias voltage by current 
which it is considered as an amplified output level of sauce out, and this nMOS transistor 
provides, The above-mentioned output transistor pair made into bias voltage with current which 
an output of the 2nd output circuit of a pMOS differential amplifying circuit drives a nMOS 
transistor of this output transistor pair, and is used as an amplified output level of a sink, and a 
pMOS transistor provides, ******** __ a source driving amplifier of a liquid crystal display 
characterized by things. 

[Claim 2]Said 1st input circuit is composed by the 1st to 3rd nMOS transistor, and the 4th to 7th 
pMOS transistor, Sauce of the 1st and 2nd nMOS transistors is connected with a drain of the 3rd 
nMOS transistor and the 7th pMOS transistor, A drain of the 1st nMOS transistor and the 6th and 
4th pMOS transistors is connected with one, Furthermore, a gate and a drain of the 5th pMOS 
transistor are connected mutually, Furthermore, it is connected with a gate of the 4th pMOS 
transistor, sauce of the 6th and 7th pMOS transistors and a drain of the 2nd nMOS transistor, and 
mutual, A gate of the 1st and 2nd nMOS transistors is connected with the 1st and 2nd differential 
voltage input edge, respectively, A gate of the 3rd nMOS transistor is connected with the 1st bias 
end, and the sauce is connected by system low voltage, A source driving amplifier of the liquid 
crystal display according to claim 1, wherein sauce of the 4th pMOS and the 5th pMOS 
transistor was connected by voltage source and a gate of the 6th and 7th pMOS transistors is 
connected with this polar switching signal end. 

[Claim 3]Said 2nd input circuit is composed by the 1st to 3rd pMOS transistor, and the 4th to 7th 
nMOS transistor, Sauce of the 1st and 2nd pMOS transistors is connected with a drain of the 3rd 
pMOS transistor and the 7th nMOS transistor, A drain of the 1st pMOS transistor and the 6th and 
4th nMOS transistors is connected with one, A gate and a drain of the 5th nMOS transistor are 
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connected mutually, and further A gate of the 4th nMOS transistor, It is connected with sauce of 
the 6th and 7th nMOS transistors and a drain of the 2nd pMOS transistor, and mutual, A gate of 
the 1st and 2nd pMOS transistors is connected with the 1st and 2nd differential voltage input 
edge, respectively, A gate of the 3rd pMOS transistor is connected with the 2nd bias end, and the 
sauce is connected by voltage source, A source driving amplifier of the liquid crystal display 
according to claim 2, wherein sauce of the 4th and 5th nMOS transistors was connected by 
system low voltage and a gate of the 6th and 7th nMOS transistors is connected with this polar 
switching signal end. 

[Claim 4]In a source driving amplifier of said liquid crystal display, compensation **** is used 
with a switch circuit, The above-mentioned switch circuit which switches an output of the 1st 
input circuit, is connected with this compensation **** when this polar switching signal is in the 
1st state, switches an output of the 2nd input circuit and is connected with this compensation 
**** when this polar switching signal is in the 2nd state, ******** __ a source driving amplifier 
of the liquid crystal display according to claim 3 characterized by things. 
[Claim 5] A source driving amplifier of the liquid crystal display according to claim 4 being 
considered as an inverter, reversing a polar switching signal, and generating an inversion polarity 
switching signal in a source driving amplifier of said liquid crystal display, and inputting into a 
switch circuit, and presenting judgment of a state of a polar switching signal. 
[Claim 6]A source driving amplifier of the liquid crystal display according to claim 4, wherein 
an inverter is composed by one pMOS transistor and one nMOS transistor, reverses a polar 
switching signal and generates an inversion signal in a source driving amplifier of said liquid 
crystal display. 

[Claim 7]In a source driving amplifier of said liquid crystal display, one pMOS transistor is 
connected with one nMOS transistor, and an output transistor pair is formed, A source driving 
amplifier of the liquid crystal display according to claim 4, wherein a drain of these two 
transistors is connected with an end of compensation ****. 

[Claim 8]In a source driving amplifier of said liquid crystal display, a switch circuit is composed 
by one pMOS transistor and one nMOS transistor, A gate of these two transistors is connected 
mutually, and it is connected with an outgoing end of an inverter, a drain of these two transistors 
being connected mutually, and that of compensation **** also being obtained, and it being 
connected with an end, and, A gate of a drain of sauce of a pMOS transistor of this switch circuit 
and the 1st nMOS transistor of the 1st input circuit and a pMOS transistor of this output 
transistor pair is connected mutually, A source driving amplifier of the liquid crystal display 
according to claim 7, wherein a gate of a drain of sauce of a nMOS transistor of this switch 
circuit and the 1st pMOS transistor of the 2nd input circuit and a nMOS transistor of this output 
transistor pair is connected mutually. 

[Claim 9] A source driving amplifier of the liquid crystal display according to claim 8, wherein 
the 1 st state of a polar switching signal is made into voltage source potential in a source driving 
amplifier of said liquid crystal display. 

[Claim 10] A source driving amplifier of the liquid crystal display according to claim 8, wherein 
the 2nd state of a polar switching signal is made into system low voltage in a source driving 
amplifier of said liquid crystal display. 



DETAILED DESCRIPTION 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the technical field of a kind of liquid crystal 
display drive circuit, and relates, for example to the source driving amplifier of a drive circuit 
usable to TFT LCD especially. 
[0002] 

[Description of the Prior Art]TFT LCD is a display of a kind of AKUATIBU matrix gestalt, and 
each of one unit pixel each (a dot or a pixel) which constitutes a matrix has one driving 
electrode, a pixel of one others, and a common common electrode (Common). When driving 
LCD with an exchange (AC) signal, namely, displaying the frame of the 1st piece, the voltage 
applied to a driving electrode must be positive voltage to a common electrode, and the voltage 
applied to a driving electrode must be negative voltage to a common electrode at the time of the 
following one frame. 

[0003 ]In consideration of a matrix, the difference in a common electrode standard, and image 
quality, there are two kinds of drive systems used most regularly, one of them is considered as a 
point reversal (Dot inversion) drive, and one more kind is considered as a line reversal (Row 
inversion) drive. Before long, if even points of the odd number line of the frame of the 1st piece 
are driven on the positive voltage to a common electrode among the system of point inversion 
driving, If even points of an odd number line are driven on the negative voltage to a common 
electrode and odd points of the even number line of the frame of the 1st piece are driven on the 
negative voltage to a common electrode, even points will be driven on the positive voltage to a 
common electrode. Then, odd points of the even number line of the frame of the 2nd piece are 
driven on the positive voltage to a common electrode, and even points are driven on the negative 
voltage to a common electrode at the same time it drives odd points of the odd number line of the 
frame of the 2nd piece on the negative voltage to a common electrode and drives even points of 
this line on the positive voltage to a common electrode. 

[0004] Among the system of line reversal, if all the points of the odd number line of the frame of 
the 1 st piece are driven on the positive voltage to a common electrode, all the points of an even 
number line will be driven on the negative voltage to a common electrode. 
Then, all the points of the odd number line of the frame of the 2nd piece are driven on the 
negative voltage to a common electrode, and all the points of an even number line are driven on 
the positive voltage to a common electrode. 

[00051 Drawing 5 shows the driving mechanism of active TFT LCD of a K line xL sequence (K 
columns by L rows). If the K pixels 901 are horizontally required so that it may be illustrated, it 
must drive in the source driving unit 902 (Source Drive Unit;SDU) of K channels. Order is used 
by the perpendicular direction 903, i.e., a gate driver, with the voltage driving mode of each pixel 
901 of each scanning line 904 (Line), and it holds on the driving electrode of the pixel 901. 
[0006] Drawing 6 shows the one more source driving unit 902 for active TFT LCD, It is provided 
with the multiplexer 911 (MUX) which polar switching signal PN (Polarity Switch) controls, 
The voltage follower constituted from the operational amplifier 914 is provided with the output 
of the positive polar digital-to-analog converter 912 (positive DAC— DAC) or the negative polar 
digital-to-analog converter 913 (negative DAC;N-DAC), Amplify driving ability and the driving 
output DRVO is generated, The complementary type transmission gate 915 (CMOS transmission 
gate) which an output permission (Output Enable;OE) signal furthermore controls outputs the 
driver voltage VLCD on the line of the drive line of the panel of TFT LCD. The work waveform 
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is as being shown in drawing 7 , and P-DAC912 and N-DAC913 generate before long the driver 
voltage which correspondence luminosity needs in response to input-digital-data control, The 
output of P-DAC912 and N-DAC913 is symmetrical with the backlash broth common electrode 
voltage mostly considered as similarity, and, thereby, coincides with a demand of AC drive. 
[0007]For power saving, the output voltage range of this P-DAC912 and N-DAC913 is usually 
set to VSS+0.1V to VDD-0.1V. Thereby, the operational amplifier 914 used within the source 
driving unit 902 must have the capability of a full rail two rail (Fullrail-to-rail). And when an 
output is higher than the voltage of a common electrode, it is necessary to have very big current 
sourcing out capability (Current source out) capability, high speed charge of the ******** 
(wiring ******** 0 na panel) of TFTLCD is carried out by this, and it makes with high 
potential. In addition, when an output is lower than the voltage of a common electrode, very big 
current-sinking (current sink) capability is needed, and it makes with the low voltage which 
discharges promptly the high potential of the basis on ******** of TFT LCD, and drives it by 
this. 

[0008]In order to make this demand coincide with, as shown in drawing 8 , let the operational 
amplifier which a traditional source driving unit uses be AB(s) operational amplifier of a kind of 
full rail two rail (refer to U.S. patent US6, 100,762). It is connected in parallel and inputs the 
differential amplifier composed by one nMOS pair (Nl, N2), and the differential amplifier 
composed by one pMOS pair (PI, P2). Both output current is a current mirror (AB(s) amplifier 
composed by N59, N10, N12, N13, N14 and P10, PI 1, and P12 is driven as an operational 
amplifier, it is outputted, and very big current sourcing and sink capability are gained.). 
[0009]The fault of the operational amplifier of above-mentioned well-known is that the direct 
current offset (DC offset) is very large, the cause ~ the inside of a CMOS process - the 
difference in threshold voltage Vth of each MOS ~ always ~**from **several millivolts ~ it is 
in amounting to tens of mV, and such a difference serves as the main origins of direct-current- 
offset generating. Especially the direct current offset caused by the difference in threshold 
voltage Vth of AB(s) operational amplifier of such a full rail two rail is severe, and the analysis 
is as follows. 
[Equation 1] 
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Before long, gm p i and gniNj represent the conversion electrical conduction (Transferconductance) 
of a pMOS transisto r (Pi , i= 1, 2, 3 ...) andanMOS transistor (Nj, j= 1, 2, 3 ...), [Equation 2] 

It is not the same as mutual by the difference in ****** current, [Equation 3] 

AV 

On behalf of the threshold voltage difference among the ** nMOS differential pairs (Differential 
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pair) Nl and N2, other differential pairs or current **** (Currentmirror pair) are also represented 
with the same agreement. 

[0010]From the viewpoint of business, it is a point voltage stage. [Equation 4] 

At the time of **, the direct current offset of such an AB(s) operational amplifier always 
amounts to **15 mV, occasionally results in **20 mV, and is valley voltage. [Equation 5] 

K < v m m 

www m w% |Ff 1 

It is greatly set to **40 mV at the time of **. 

[001 l]If one active TFT LCD uses the source driving unit of thousands of channels and the 
difference in such big direct current offset exists between each channel, There is a fixed error 
which is different on the voltage which drives each pixel, for this reason, the unevenness of 
luminosity was formed between each point, and the problem from which the uniformity 
coefficient of the screen of a display becomes poor by this was formed. 

[0012]In addition, the gain of such an AB(s) operational amplifier is very large, and ******** 0 f 
the node B further shown in drawing 8 is added, The inductance component contained in output 
resistance is caused, and this inductance component resonates with **** of a liquid crystal 
display, generates a peak gain, and vibrates easily with the shortage of a gain margin of an 
amplifier. In order to prevent vibration, compensation **** CC must be increased, but if 
compensation **** CC is increased, it becomes very low, and the frequency span of an amplifier 
will form the shortage of voltage regulation (Voltage skew rate), and will become impossible [ a 
high speed drive ] about liquid crystal display load. For this reason, by adding nMOS and the 
pMOS transistors N4 and P4, Turbo bias (Turbo bias), nothing, with the common mode positive 
feedback (Common mode positive feedback) are provided, and voltage regulation are 
accelerated. However, if a common mode positive feedback is added as shown in drawing 9 , If it 
is not after waiting to cause a very big overshoot amount (Overshoot) in a wave-like front tip, 
and for an overshoot amount to disappear, this voltage cannot be extracted and it cannot hold to 
the driving electrode of LCD. For this reason, driving speed was still restricted. 
[0013]The source driving unit uses A amplifier of the nMOS difference input of the half number 
among the arithmetic amplifier shown in JP,H09-018253,A, Provide the big current sourcing out 
capability as a sauce amplifier, and A amplifier of the pMOS difference input of the half number 
is used, The big current-sinking capability as a sink amplifier is provided, the input of a sauce 
amplifier is forever connected with P-DAC before long, and the input of a sink amplifier is 
forever connected with N-DAC. 

[00 14] Although the above-mentioned circuit structure provides the characteristic of low direct 
current offset, the sauce amplifier only merely has forever strong current sourcing out capability, 
and only muA level merely has pull low (Pull low) capability. For this reason, if dramatically 
lower than the backward acting voltage of the line whose backward acting voltage of a certain 
scanning line of one sections is one front sections, it must reduce to required voltage over very 
long time (that is, larger than the voltage of a common electrode). It has similarly the problem 
that a sink amplifier is also slow in a pull high (Pull high) emergency, For this reason, a system 
needs to need potential reset work (Potentialreset), namely, it is necessary to make ******** 0 f 
a liquid crystal display charge or discharge promptly for between [ every ] two striations in a 
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CMOS transmission gate, and to consider it as the voltage of a common electrode. For this 
reason, the increase of the complexity of a circuit and a control signal and a still severer thing 
were several microsecond hour's being required also for potential reset, and driving speed's being 
restricted for this reason, and getting. 

[0015]In addition, the number of the half in the driver of the above-mentioned circuit structure 
has a big current sourcing output, and the current sourcing out capability of the half number is 
already nothing but muA level. Therefore, it is because line inversion driving cannot be 
performed, because the pixel of these all the lines must be simultaneously driven on the positive 
voltage to a common electrode, or must be simultaneously driven on the negative voltage to a 
common electrode at the time of line inversion driving, therefore the function and use are 
restricted. For this reason, the circuit of above-mentioned well-known had the necessity for an 
improvement. 

[00 16] As mentioned above, offer of the source driving amplifier of the liquid crystal display 

which can solve the above problem was called for. 

[0017] 

[Problem(s) to be Solved by the Invention]The purpose of this invention shall be to provide the 
source driving amplifier of a kind of liquid crystal display, and it shall solve a direct-current- 
offset problem effectively, and it shall be used for the system of point reversal and line reversal, 
and there shall be no necessity for potential reset. 

[0018]The source driving amplifier of the liquid crystal display of this invention is provided with 
the 1st input circuit switched to a nMOS differential amplifying circuit or a bias circuit by a 
polar switching signal, and the 2nd input circuit switched to a bias circuit or a pMOS differential 
amplifying circuit by this polar switching signal. Before long, when a polar switching signal is in 
the 1st state, this 1st and 2nd input circuit is switched to a nMOS differential amplifying circuit 
and a bias circuit, respectively, and when this polar switching signal is in the 2nd state, this 1st 
and 2nd input circuit is switched to a bias circuit and a pMOS differential amplifying circuit, 
respectively. And have an output transistor pair, it is provided with a nMOS transistor and a 
pMOS transistor, and the output of the 1st output circuit switched to the nMOS differential 
amplifying circuit drives the pMOS transistor of this output transistor pair, It is considered as 
bias voltage by the current which it is considered as the amplified output level of sauce out, and 
this nMOS transistor provides, It is considered as bias voltage with the current which the output 
of the 2nd output circuit of a pMOS differential amplifying circuit drives the nMOS transistor of 
this output transistor pair, and is used as the amplified output level of a sink, and a pMOS 
transistor provides. 

[0019]The design of this invention is new, and industrial use is provided and it has the function 

increased certainly. 

[0020] 

[Means for Solving the Problem]The 1st input circuit that an invention of Claim 1 is switched by 
a polar switching signal, and is made into a nMOS differential amplifying circuit or a bias 
circuit, It is considered as the 2nd input circuit, it is switched by this polar switching signal, and 
is considered as a bias circuit or a pMOS differential amplifying circuit, When a polar switching 
signal is in the 1st state, this 1st input circuit and the 2nd input circuit are switched, respectively, 
and are made into a nMOS differential amplifying circuit and a bias circuit, The 2nd input circuit 
of the above that this 1st input circuit and the 2nd input circuit are switched, respectively, and is 
made into a bias circuit and a pMOS differential amplifying circuit when this polar switching 
signal is in the 2nd state, It is considered as an output transistor pair and has a nMOS transistor 
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and a pMOS transistor, An output of the 1st output circuit which was switched and was made 
into a nMOS differential amplifying circuit drives a pMOS transistor of this output transistor 
pair, It is considered as bias voltage by current which it is considered as an amplified output level 
of sauce out, and this nMOS transistor provides, The above-mentioned output transistor pair 
made into bias voltage with current which an output of the 2nd output circuit of a pMOS 
differential amplifying circuit drives a nMOS transistor of this output transistor pair, and is used 
as an amplified output level of a sink, and a pMOS transistor provides, ********„ it is 
considered as a source driving amplifier of a liquid crystal display characterized by things. As for 
an invention of Claim 2, said 1st input circuit is composed by the 1st to 3rd nMOS transistor, and 
the 4th to 7th pMOS transistor, Sauce of the 1st and 2nd nMOS transistors is connected with a 
drain of the 3rd nMOS transistor and the 7th pMOS transistor, A drain of the 1st nMOS 
transistor and the 6th and 4th pMOS transistors is connected with one, Furthermore, a gate and a 
drain of the 5th pMOS transistor are connected mutually, Furthermore, it is connected with a 
gate of the 4th pMOS transistor, sauce of the 6th and 7th pMOS transistors and a drain of the 2nd 
nMOS transistor, and mutual, A gate of the 1st and 2nd nMOS transistors is connected with the 
1st and 2nd differential voltage input edge, respectively, A gate of the 3rd nMOS transistor is 
connected with the 1st bias end, and the sauce is connected by system low voltage, It is 
considered as a source driving amplifier of the liquid crystal display according to claim 1 , 
wherein sauce of the 4th pMOS and the 5th pMOS transistor was connected by voltage source 
and a gate of the 6th and 7th pMOS transistors is connected with this polar switching signal end. 
As for an invention of Claim 3, said 2nd input circuit is composed by the 1st to 3rd pMOS 
transistor, and the 4th to 7th nMOS transistor, Sauce of the 1st and 2nd pMOS transistors is 
connected with a drain of the 3rd pMOS transistor and the 7th nMOS transistor, A drain of the 
1st pMOS transistor and the 6th and 4th nMOS transistors is connected with one, A gate and a 
drain of the 5th nMOS transistor are connected mutually, and further A gate of the 4th nMOS 
transistor, It is connected with sauce of the 6th and 7th nMOS transistors and a drain of the 2nd 
pMOS transistor, and mutual, A gate of the 1st and 2nd pMOS transistors is connected with the 
1st and 2nd differential voltage input edge, respectively, A gate of the 3rd pMOS transistor is 
connected with the 2nd bias end, and the sauce is connected by voltage source, It is considered as 
a source driving amplifier of the liquid crystal display according to claim 2, wherein sauce of the 
4th and 5th nMOS transistors was connected by system low voltage and a gate of the 6th and 7th 
nMOS transistors is connected with this polar switching signal end. In a source driving amplifier 
of said liquid crystal display an invention of Claim 4, Compensation **** is used with a switch 
circuit, and when this polar switching signal is in the 1st state, It is considered as a source driving 
amplifier of the liquid crystal display according to claim 3 provided with the above-mentioned 
switch circuit which switches an output of the 1st input circuit, is connected with this 
compensation ****, switches an output of the 2nd input circuit and is connected with this 
compensation **** when this polar switching signal is in the 2nd state. In a source driving 
amplifier of said liquid crystal display an invention of Claim 5, It is considered as a source 
driving amplifier of the liquid crystal display according to claim 4 being considered as an 
inverter, reversing a polar switching signal, and generating an inversion polarity switching 
signal, and inputting into a switch circuit, and presenting judgment of a state of a polar switching 
signal. In a source driving amplifier of said liquid crystal display an invention of Claim 6, It is 
considered as a source driving amplifier of the liquid crystal display according to claim 4, 
wherein an inverter is composed by one pMOS transistor and one nMOS transistor, reverses a 
polar switching signal and generates an inversion signal. In a source driving amplifier of said 
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liquid crystal display an invention of Claim 7, It is considered as a source driving amplifier of the 
liquid crystal display according to claim 4 which one pMOS transistor is connected with one 
nMOS transistor, and an output transistor pair is formed, and is characterized by connecting a 
drain of these two transistors with an end of compensation ****. In a source driving amplifier of 
said liquid crystal display an invention of Claim 8, A switch circuit is composed by one pMOS 
transistor and one nMOS transistor, A gate of these two transistors is connected mutually, and it 
is connected with an outgoing end of an inverter, a drain of these two transistors being connected 
mutually, and that of compensation **** also being obtained, and it being connected with an 
end, and, A gate of a drain of sauce of a pMOS transistor of this switch circuit and the 1st nMOS 
transistor of the 1st input circuit and a pMOS transistor of this output transistor pair is connected 
mutually, It is considered as a source driving amplifier of the liquid crystal display according to 
claim 7, wherein a gate of a drain of sauce of a nMOS transistor of this switch circuit and the 1st 
pMOS transistor of the 2nd input circuit and a nMOS transistor of this output transistor pair is 
connected mutually. An invention of Claim 9 is taken as a source driving amplifier of the liquid 
crystal display according to claim 8, wherein the 1st state of a polar switching signal is made into 
voltage source potential in a source driving amplifier of said liquid crystal display. An invention 
of Claim 10 is taken as a source driving amplifier of the liquid crystal display according to claim 
8, wherein the 2nd state of a polar switching signal is made into system low voltage in a source 
driving amplifier of said liquid crystal display. 
[0021] 

[Embodiment of the InventionJPlease refer to drawing 1 for one working example of the source 
driving amplifier of the liquid crystal display of this invention. It is composed by the 1st input 
circuit 1 1, the 2nd input circuit 12, the inverter 13, the switch circuit 14, compensation **** CC, 
and the output transistor pair 15. Before long, the 1st and 2nd input circuits 1 1 and 12 present the 
shape of symmetry mostly, and switch the structure of an amplifier by existing polar switching 
signal end PN with a driver system. 

[0022]The 1st above-mentioned input circuit 1 1 is composed by the nMOS transistor Nl, N2, N3 
and the pMOS transistor P4, P5, P6, and P7. The sauce of the transistors Nl and N2 is connected 
with the drain of the transistors N3 and P7 before long, The drain of the transistor N 1 , P6, and P4 
is connected with one, and the gate and drain of the transistor P5 are connected mutually, 
Furthermore, it is connected with the gate of the transistor P4, the transistor P6, the sauce of P7, 
and the drain of the transistor N2, The gate of the transistors Nl and N2 is connected with the 
two differential voltage input edges IP and IN, respectively, The gate of the transistor N3 is 
connected with bias end VB2, the sauce is connected with system low voltage VSS, the sauce of 
the transistors P4 and P5 is connected by the voltage source VDD, and the gate of the transistors 
P6 and P7 is connected with this polar switching signal end PN. 

[0023]The 2nd above-mentioned input circuit 12 is composed by the pMOS transistor PI, P2, P3 
and the nMOS transistor N4, N5, N6, and N7. The sauce of the transistors PI and P2 is 
connected with the drain of the transistors P3 and N7 before long, The drain of the transistor PI, 
N6, and N4 is connected with one, and the gate and drain of the transistor N5 are connected 
mutually, Furthermore, it is connected with the gate of the transistor N4, the transistor N6, the 
sauce of N7, and the drain of the transistor P2, The gate of the transistors PI and P2 is connected 
with the two differential voltage input edges IP and IN, respectively, The gate of the transistor P3 
is connected with bias end VB1, the sauce is connected by the voltage source VDD, the sauce of 
the transistors N4 and N5 is connected with system low voltage VSS, and the gate of the 
transistors N6 and N7 is connected with this polar switching signal end PN. 
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[0024]It is formed by pMOS transistor P21 and the nMOS transistor N21, the input edge of the 
inverter 13 is connected with this polar switching signal end PN, and this inverter 13 is in an 
outgoing end, and generates an inversion signal - PN. 

[0025]NMOS transistor N12 is connected with pMOS transistor P12, this output transistor pair 
15 is constituted, and the drain of the two transistors P12 and N12 is connected with the end of 
this compensation **** CC before long. 

[0026]This switch circuit 14 comprises pMOS transistor P8 and nMOS transistor N8. Before 
long, the gate of the two transistors P8 and N8 is connected mutually, and it is connected with 
the outgoing end of the inverter 13, the drain of the two transistors P8 and N8 being connected 
mutually, and that of this compensation **** CC also being obtained, and it being connected 
with an end, and, It is considered as the outgoing end OUT of an amplifier, and the connection 
portion of the drain of the sauce of the transistor P8, the transistor Nl of the 1st input circuit 11, 
P6, and P4 is connected mutually, And the gate of the transistor P12 of the output transistor pair 
15 is connected, The drain connection portions of the sauce of the transistor N8, the transistor PI 
of this 2nd input circuit 12, N6, and N4 are connected mutually, and the gate of the transistor 
N12 of the output transistor pair 15 is connected. 

[0027]When outputting a voltage signal higher than a common electrode by PN=VDD by the 
circuit structure of the source driving amplifier of above-mentioned this invention, the transistors 
N7 and N6 of the 2nd input circuit 12 flow (ON), and by this, The transistor P2 does not act but 
the transistors N4 and N5 present a parallel connection state, The transistors P6 and P7 of the 1st 
input circuit 1 1 become off, an operation is not generated, the output - PN of the inverter 13 
serve as VSS, therefore the transistor P8 of the switch circuit 14 serves as one, and N8 becomes 
OFF. 

[0028]As [ show / the equivalent circuit of the source driving amplifier of this invention / by this 
/ at the time of PN=VDD / in drawing 2 ], The 2nd input circuit 12 is switched to a bias circuit, 
and the transistor N4 and N5 by which parallel connection was carried out before long form the 
transistor N12 and current mirror circuit of the output transistor pair 15. The 1st input circuit 1 1 
is switched to a nMOS differential amplifying circuit, and the gate of the transistors Nl and N2 
is used as a differential input end before long, and let current **** which the transistors P4 and 
P5 form be the active load (Active load) of the transistors Nl and N2. 
[0029]The output of the 1st input circuit 1 1 of a differential amplifying circuit drives the 
transistor P12 of the output transistor pair 15, It is considered as bias voltage by the current 
which it is considered as the amplified output level of sauce out (Source out), and the transistor 
N12 provides, therefore A amplifier whose sauce out capability is very large is formed, and it is 
considered as a sauce amplifier. And at this time, the switch circuit 14 switches the output of the 
1st input circuit 1 1, is made to connect it with compensation **** CC, and compensates the 
phase of the transistor PI 2, and improves the stability of an amplifier. 
[0030] When outputting a voltage signal lower than a common electrode by PN=VSS, the 
transistors P7 and P6 of the 1st input circuit 1 1 serve as one, and by this, The transistor N2 is 
made into bad harvest, and the transistors P4 and P5 present a parallel connection state, The 
transistors N6 and N7 of the 2nd input circuit 12 become off, and an operation is not generated, 
the output - PN of the inverter 13 are set to VDD, therefore the transistor N8 of the switch circuit 
14 is considered as one, and P8 is made off. 

[003 1] As [ show / the equivalent circuit of the source driving amplifier of this invention / by this 
/ at the time of PN=VSS / in drawing 3 ] , The 1st input circuit 1 1 is switched to a bias circuit, 
and the transistor P4 and P5 by which parallel connection was carried out before long form the 
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transistor P12 and current mirror circuit of the output transistor pair 15. The 2nd input circuit 12 
is switched to a pMOS differential amplifying circuit, and the gate of the transistors PI and P2 is 
used as a differential input end before long, and let current **** which the transistors N4 and N5 
form be the active load (Active load) of the transistors PI and P2. 

[0032]The output of the 2nd input circuit 12 of a differential amplifying circuit drives the 
transistor N12 of the output transistor pair 15, It is considered as bias voltage by the current 
which it is considered as the amplified output level of sink-in (Sink in), and the transistor P12 
provides, therefore A amplifier whose sink-in capability is very large is formed, and it is 
considered as a sink amplifier. And at this time, the switch circuit 14 switches the output of the 
2nd input circuit 12, is made to connect it with compensation **** CC, and compensates the 
phase of the transistor N12, and improves the stability of an amplifier. 
[003 3] According to the above circuit structure, the source driving amplifier of this invention 
attains the characteristic and the standard which a TFT LCD drive needs, and the direct-current- 
offset characteristic is as follows. 
[Equation 6] 



y a. _ 



j u 1MB, ill 

As shown in the above equation, the direct-current-offset characteristic of the amplifier of this 
invention is better than a well-known operational amplifier also in any of high tension from the 
low voltage, And it has a yield comparatively high [ whose ] which also has comparatively few 
factors which the variable item which affects the direct-current-offset characteristic is considered 
as little good design, and affect the yield at the time of production. 

[0034]in addition, a gain of an amplifier of this invention needs only comparatively small 
compensation **** CC comparatively low (comparing with AB(s) — the 1st class amplification - 
- few), excluding [ therefore ] an inductance component in output resistance. 
[0035] A backward acting waveform of this invention is shown in drawing 4 , and compared with 
a well-known amplifier. A waveform of this invention is quick, and an overshoot amount is very 
small, and a stable state is attained only by merely needing a waveform for 4 microseconds (a 
well-known amplifier needed 7 microseconds), and for this reason, driving speed is very high 
speed and can reduce a flicker phenomenon. 

[0036]in addition, a sauce amplifier which each amplifier of one channel each of a source driving 
amplifier of this invention is switched simultaneously, and has very big current sourcing out 
capability — or, It is considered as a sink amplifier which has very big sink-in capability, 



Page 12 of 13 



Machine English translation of JP 2002-351406 A 



therefore can be used for point inversion driving or a line inversion driving system. Any one 
output is made into polarity opposite to an output of a ground floor before that, and pull high 
capability and pull low capability are also switched simultaneously, and, thereby, the source 
driving amplifier of this invention does not need to perform potential reset. 
[0037] 

[Effect of the InventionJPutting together, also in any of the purpose, a means, and a function, this 
invention has the different feature from well-known art, and is considered as the 1 large 
breakthrough on drive circuit manufacture of a liquid crystal display. The above explanation 
shall relate to working example of this invention, the generic claim of this invention shall not be 
limited, and each ornamentation or changes of details which can be made based on this invention 
shall belong to the generic claim of this invention. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is a circuit diagram of the source driving amplifier of the liquid crystal display of 
this invention. 

[Drawing 2] It is a representative circuit schematic at the time of PN=VDD of the source driving 
amplifier of the liquid crystal display of this invention. 

[Dra wing 3] It is a representative circuit schematic at the time of PN=VSS of the source driving 
amplifier of the liquid crystal display of this invention. 

[Drawing 4] It is a work wave form chart of the source driving amplifier of the liquid crystal 
display of this invention. 

[Drawing 5] It is a driving mechanism indicator chart of active TFT LCD of a well-known K line 
xL sequence. 

[ Drawing 6 ]It is a circuit diagram of the source driving unit of well-known active TFT LCD. 
[Drawing 7] It is a driving waveform figure of well-known TFT LCD. 

[Drawing 8] It is a circuit diagram of the operational amplifier used for the source driving unit of 
a traditional liquid crystal display. 

m rawing 9]It is a work wave form chart of well-known TFT LCD. 
[Description of Notations] 
1 1 1 st input circuit 12 — the 2nd input circuit 
1 3 Inverter 1 4 switch circuit 
15 Output transistor pair 901 pixel 
902 Source driving unit 903 Gate driver 
904 Scanning line 911 multiplexer 

912 A positive polar digital-to-analog converter 

913 A negative polar digital-to-analog converter 

914 Operational amplifier 915 transmission gate 



[Translation done.] 
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wis t -t £ , II^JI 1 aa<50JRft-r ^xrw^y- 

A^J @SSj5*SS 1 J& 1 £>® 3 p M O S b y y ; JX 9 b SI 4 
^>S7nMOSb7yy'Xj'T'«§^ SI 1 SX^SI 2 



pMO s hyyi/Xfcov— x&W$3pMO s Yyy'J 

X9mf%7 nMOSh7yyX^FW >"tcjifg§ 
*U Hi P MOS Y=>y-JX9 , SI6&1/SI4 nMOS 
h y y isX 9 <?) Y V 4 yjf — ^CjfiS^ft. H5nMO 

shy y=Jx?cr>y- h b F W yiWB3.te.&&Zti.. 

§fet^4nMOSN5yyX?C0f-h, H6St>'^ 
7 nMOS N?yyX ^«y-XRVS2 P MO S h7 

y ; jx?cr>W'i ybfflmzmmzti. iiws2 P 

MO S b ^yy^^i?)?-"- h^^l-P^lH 1 &VJI2^ 
ift^JEA^JJg^atScStts §3pMOSh7yy'X^ 

y- h t>m 2 y Txmzmgti *<vv -x^mm 

MzMWcZtl, H4$tD f H5 nMOS hyyi^X^COV 

-xtfisx'rJ*i&9.mz&m$ti. m6Rxsm7 nMo 
shy y=jx^coy~ hmmmmiLm^mzmmz 
titizb*<ffl&b~tz>, ^mm 2 idanwa 

Htrfa?S B B B-r> XT W «y— ^SBBfWBBtfev^ 



v—x%tmmmmzn\rz^ ^y^~ ?b%ti. ® 
flw*ik*i«sfc'f4, if 4 izimcom^f < x 

■iyrt—Jlf — icopuos Yyy : Jx?b — z><r> 

n M O S h y yi?X? "CJftfeSilT , Stt-t7]mx.fg^-^ 

Ahzim^m&iT a xw4 w-xmmw$gb lt 

M*a7«oaMHli, ffliE?g H H H -r^xriy^soy- 

MOS h7yy'X^*>" — 9(DnMOSl7yyX?(;a 

y -xiEKjtM6§stci3 v N mm a — m pmo 

S hy y-JX9b — 5c7)nMOS h7yy'X?tM2 

^y^x^coKiy^ - y tfmmzmm § ^mix 

: Jx3>cov—xbmi Xtim^comi mwo s Yyy'J 

X?<?)YV4 y&tfMiijJ} hyy i?X ?M<7) pMOSh 

7 y i/x ^ co y- y tmmzmm $ ti . imm i m%co 
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MOS t-^yy'xycoh'W yRX/UiH^Jhyy-J^ 

Men n m o s h 7 y >>x y co y— h tffflmzm* § tttz 



t -r -5 . fWcH 8 tf eioMf * w coy- xib 
& * it *ji 8 fcEa^aftx ^rw«y -xigtstt 

[0021] 

[ mn^mmmm ] *mi<nm&T a7W«y- 
fe^. -tfui. JBiA^jinin i» *2a*iiiiii 2, 

>f 1 3 , flJ8S*.EI0& 1 4 . «t§c c s mt 

iHtSh^y^'X^Ml 5Tffij£§:fxT^S. ^C03*>S? 
1 at/g?2 A^JtUS^ 1 1 at/ 1 2 lililfflil^ML, 

[0 0 2 2] BUNCOS? 1 A^J ESS 1 llinMOSf7y 
yX^Nl, N2, N3atfpMOSh5yy^?P 
4. P5, P6, P7T«$iXTV^ 0 ^COoib. )- 
7yi?X?NlRXfN2cr>y—xteb7yi?^?N3R 
UP y(3i*ffi$tu ^yy'X^Nl, P6 

avP4«K^>f>{i — nzmgzti. r yyy.xyp 
5 coy- n t f w yfimKtzmmzti. z^zb^y 

yX^P4«y-h, f7>yX^P6, P7W-X 

av>^yyxyN2coKW ybmOxZtL. b7>y 

X y N 1 i; N 2 coy'- h ^ ft^'tl^o cr>mhW±\-fl 

7XJSVB 2tilSr§it, f^V-X^yXfA 
ffifcffiVSSfcjlSfSfl., f7Vy'X^P4t P5C0V 
-X^'«EjSVDDtjSfg$fL. b5>yX^P6tP 

7 co y- h wm tm^PNizmm^Kx^ 

[0023] MmtOm2AJj®3&l 2ti P MOS>7y 
y'X^Pl, P2, P3ay'nMOSf7yyX?N 

4, N5. N6. N7T«J&3:JvO**. ^C0d^>. h 
5yyX^P 1 fc P 20V-Xiib7yy'X^P 3 iN 
7C0F W y^3iJg$fU b7VyX^PL N6atA' 
N 4 CO K W yfi — F5>-^'xyN5co 
y-bfcFM y^fflS^jtS £ fu §f,l:f7yyx 
^N4coy— K N^yy'Xj'Ne, N7coy— xat^ 

h^yyxy P2coh'W ytasstu byyyxy 

pup 2 oy- h t^tL^'Kz.^cmwms.xti^ i 
pay i Nt3j*ffi§ti. b^yyxy p 3coy-f^vs- 

TXSV B 1 fcjSffiStU ^COV-X^mffMV D D 



A-te^aVSSKjMgSfu b5yy^yN6tN7C0 

y- h ^ffittwmy ft-^sp n (.ca«§^T v ^ . 

[0024] ts-f yA-^ i 3iipMos b^yyxy 

P 2 1 t nMOS h^yy^y N2 lT'lMjjic^fU A 

[00 2 5] mtHt)byy ; JX^Ml 5« P MOSh7 
yy'X? P 1 2tCnMOS b^yy^y N 12^51 

2kNl2<0KW yiiiSffifiWge Cco-S(Cjffii£ 

[0026] !f;-TO&;t0S&i 4iipMos hyyyxy 

P8t nivios h^yyxy NSTIij&^ixs,, * 

C0-5*>. Z.-3C0 T- 7 y yx ? P 8 tN8<7)y— N^'fflS 

tjifssnao-f w^-y i 3com*ffitjSfS§n. ~ 
oco h 5 y yx y p s atA'N s co k w y t>mmzmM 
$timtizimmn®cccoi>5~mzjm$tix, m 

bW>\ a^iubsi icohyyyxyN i , P6M'P4 

coh-y-f ycomm^^mmzm^ti. jfevcas^b 

yyyxy^i scohyyyxy p i 2coy— htcjffi* 
sn. byyyxyN8coy-xtiiH2A7Jiiis^i 2 
cobyyyxypi. Neaix^coFWyjffifgfrfr 
i^itaftsti, Mv^ai^byyy-xys i scoh 

[0027] i^^f^^y— ^BBWiiffifikoiHiBfli 

itSriilT » P N = V D DT"ft|Hl«ffi i 0 ft V ^miBt-5§-£ 

ai^-ysB*. H2A7JEI&1 2cohyyy*xyN7 tN 
6«>'#I(on) u ^titcj; 1 ?. hyyyxyp2^' 
^M-er . b y y y x y n 4 1 n 5 ^M^Bitt4JQB * M 
L, miATJEi&i ic 7 )hyyyxyP6tP7* 1 yy 
t^D^ffl^^-^y, -f y^N'-y i 3com^~PN*i 
vsst^ro. ^y^w»y[Uff§i 4coh^yyxyp 

8^y^jrDN8^7j;«„ 
[0 0 28] ifLtCj: >0 PN = VDDC0B#i\ ^^H^coy 

-xmMmm$s<r>mm®mm2 tpt^sns a -c* 

-ecoa%M^M^sn./£byyyxyN4, Nsiita^j 
h^yyxytti scohyyy'xyNi 2 1 

SrJFM-TS . IS 1 A7JES& 1 1 (± n MO SHK)iM1i§[Elfi# 

tWD^y^ii. ^cod^N^yyxyN i i:N 2coy 
-btiUKiAyDShSix. hyyyxyp4tP5*^ 
«ti.ts^M*y7yyy^N 1 hN2coTyy^ r 

MM (Active load) i §tl£> „ 

[0029] mmmm%com 1 a^ess i 1 cotti^fi: 

tB^h^yyxyMi scohyyy^yp 1 2%mw> 

L. y— xyy h (Source out) COfMI©^ 

K;pt§ix. MWchyyyxyN 1 2cosf*-r^s 
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[0030] P N = V S STftlBMffiJ: 0 ffi^SEfl-^- 

ML, fS2Ay7HIi$l 2«h7Vy'X^N6i:N7^ 
PN(iVDDt§ilv ^i.tcW»X.HIif# 1 4«f5yy 
[003 1 ] Z\tHz£ 0PN=VSSCO^, *fl^H<?DV 

^coa^^ijii®§tt^h7yi>'X^P4, P5«iffi^j 
Y"yW-X9n\ 5(Dh7>i/X?P 1 2 iflSfiitH 
ZMffrtZ. H2A^«1 2iipMOSH»Ji(i[ll 



(c-BJOlft^^tL. ^cO^^N^y^'X^P 1 £ P 2cr>jr 

If (Active load) 
[00 32] 3gttfWBIIIKaft2A3JlIIft 1 2cotiitHi 

L. Isy? 4 y (Si nk i n ) cOJMlBffi^jP-^i: 
IWch^yy^iS'P 1 2<7)iiflfc-$-S«SK£jaT 

z^AmMm^mMztix^y7Mm%st£ti&» k 

-OZCOm. 4(im2A^IUIf&l 2<7)ffi?j£ 

WOSli-CHMWaECCfcaWS^ f^Vy'Xj'Nl 
2 cofiffl * ffi « fcJIMBBfcofgJSt *■ |fcj±-$- £ . 
[00 33] JSLLcOHIMIBeteJ: 0 . **3§£>V— .*« 

me] 



QS JL 



05 



P4fS "** ^J^Vj^i 



[0034] £<Ota#\ ^Hgcomtl^cO^M ytiitK 

«ft«^c c sr^s t -r I. . 
[ o o 3 5 ] H4 iz^tL^^i^wMcom^mmwB 



s 



9 



[00 36] z\coati\ *5£Wnv—xWSWHB&0>£ 



3 m tn 9 

[0037] 

[?mb<^»»] *ffiBW4i«, fflg 

u jRftr ^ ^y°^4 cDmmm$mM±cD-±$mk s 

[HHoigm^Bj] 
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[02] ^wmm£h^jX7°i/jcr)y~x%mmmm 

CO P N = V D D H^«fi®|&l2T& S , 

[03] *0tol H H B fa7V^v-xiitgr 

CO P N = V S S B$C^{ffi0g&|2T"& S o 

[04] ^fMH^aftT-f^rv^^y-xK 

[05 ] JS^OKfrXL^T^'r 4 /TFT LCD 



[06 ] m$ttC0T?^TJ /TFT LCDW-X" 
[07] JH*n<7)T FT LCD C0(BI&»JBHTft S 



[08] mmm^m^'f ^ xy°u a ^v-^mm^ 

[09] J§*tI<7)T FT LCD COf^ajgH'Cfc S 

11 ft 1 A* EMS 
13 A 

15 ffi^jb^y^^ 



1 2 »2A:ftEI» 

14 wmtm% 



9 0 2 

9 04 

9 12 

9 13 

9 14 



9 0 1 

9 03 f-bH5>f^ 
9 11 7;l/f71/^f 



[HI ] 



[02] 




IN _ 



[115 ] 



fi^ — ? 

1L ciock 
L 5/llC 



PN 



X 



s 

D 



s 

D 

0 



s 

D 

y 



I 



s 

D 
IT 



S 
D 
U 



X 

s 

D 

U 



s 

D 

y 



x~ 

u i • 
« I— 



902 



S 

a 
o 



i/ 



4 4 ■ 






* 






I 

» 


Vj 

901 





i04 



905 




OUT 



12 



[06] 



— «■ if FN 



DAI 



i 



mix 

911 



X 



i 
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3] 



[07] 




12 



oc 

« ■OUT 



PN 

02 



/Hn^ \lineM+l/ HneN+2\ 



TOD 



VI u u u 



DRVO 



if 



*it is i 



VLCD 



Vss 



=/ V_/ 



[118] 




3hH 

Vss Vss Vss 



(a i ) ) 

[04] 
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Voltage 



6 



z I— 

0 




0 2u 4u *u m i&u 12u 14a 16u !8u 2Gu22u 24u 2€u 2Su 



Tisie 



Voltage 



i t 



LCD 




■■■(■■■"■"■■■■■■^J™"™ «■ Oft Mh A 4* ^ J|fl 4fi ~| 




0 2u 4m §u 8u lOu 12u Uu l&t 18u 20u22u 2*« 2Su £8* 30tt 



Voltage 

1 / * ] 1 * * l 1 ! * * • * A 

I / P 4 • f ♦ li* i l i » */* 



Tine 



5 L 



A*? 



i 



1 



Voltage 



i I ♦ j/m * 

» & u J * **»v 



OE 



5 
0 



1 






■■■■^■■■-iji-i. ■ . f ■ 

1 t i 1 f 




* * i 






1 4 i 4 1 


1 t 1 1 1 




— 4_ H — j 
i * * 



Tiae 



Voltage 




0 2u 4u 6u Bif lOu 12u J4u Ife I8u 20u22u 24u 2&1 26u aOu 
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[09] 



Voltage 



s 



2 



- t 1 1 111*111 i t * 

f i > 1 1 ? \ "I T f r T T jrV T 1 

r i f i i \Jl ? j i i i f f t i I 

* t t * * II I l it I r 1 i Ft 



^f^TTTWP — -wr wr *w 



I |l| Bi t 




i i I 

y i i » i 

» I t t i * 

"j? h I "i j" 

jf r < * ) 

♦ * * I 

* * * I 

I 7" ~*TtMZZ.Z.,ikZZ."" < , ^'^ r ^•e-"^-""^^'^" 




■ I I I < l|< 4 * 

,E ■ i-i. -L- -M. ■ W -4. -+■ ■ ■■ -^L. ... Jfc» ■*> <i ^ ^ ^ j ^_ ^ — ■■■ 

t \ f t I I f jf 1 i t 

* ...t i.fc A * ' 



2u 4u 6u 8i* lOu Itvk liu iSu I8u 2&u22u 24u 26u 28u 50u 




Voltage 



^ .= — 



0 




**** 



I I II I 

t > — , , l . x — „_j r_ 1 



I I 



I 



•r • 
i 



! 



I 



I I t 

r_ j c i. . j 

i 1 * * 



Voltage 




Voltage 




0 2u 4u 8y &i 10u I2u I4u 10« IS« 2Uu 22u t4u 28u 



F^— 2H093 NC11 NC33 

5C006 AC07 AC26 BC11 BF25 BF32 
BF34 FA41 

5C080 AA10 BB05 DD06 DD08 DD22 

DD28 FF11 JJ02 JJ03 JJ04 

5J039 CC04 CC06 KK18 KK19 MM16 

5J066 AA01 AA12 CAOO CAB FA10 

FA18 HA10 HA17 HA29 HA39 

KA01 KA02 KA03 KA04 KA09 

KA12 KA33 KA34 MA22 ND01 

ND14 ND22 ND23 PD01 SA08 
TA01 TA06 



